INTRODUCTION
The pore space of unconsolidated rocks could, in spite of the several attempts within the last few years, still only roughly be characterized by dc geoelectric surface measurements. Important parameters like the permeability coefficient could at best only be estimated with much uncertainties. The reason for this is, that the dc resistivity is mainly determined by the fluid conductivity and the saturation of the pore space; the pore space geometry, which is important for the hydraulic conductivity, is only of secondary importance. The complex resistivity method (CR) measures the capability of rocks to accumulate electric energy (induced polarization method IP). Since this feature is related to the geometry of the pore space, the hydraulic parameters can be estimated much more reliably than it is possible with the dc resistivity method.
THE CR METHOD
For CR measurements the resistivity spectrum has to be measured at successive frequencies. Therefore alternating currents (sinusoidal) are fed into the ground. These are the same 4-point arrays used than for dc resistivity measurements. The current and voltage are dependent on the frequency and therefore a complex function. It determines the impedance of the subsoil (equation 1) and from this the complex resistivity can be defined (equation 2). On the field ρ(ω) is measured at frequencies between 0.1 and 10000 Hz. The laboratory scale allows the use of a larger frequency range.
CAUSES OF IP-EFFECT IN UNCONSOLIDATED ROCKS
At the interfaces between sediment matrix and fluids of the pore space, double layers are built up. In the fluid, the concentration of cations increases towards the negatively charged surface. At low frequencies the anion current is blocked on narrow paths of the pore space. At high frequencies, however, the impedance decreases steadily. Another conductance mechanism adds to the ion stream through free pores, so that the effective resistivity decreases at high frequencies. Unconsolidated rock shows different frequency characteristics if its pore space differs. Differences can for example exist between clay and sand.
MODEL TO DESCRIBE IP-EFFECTS OF UNCONSOLIDATED ROCK
A rock resistivity model describes the variety of the frequency characteristics of ρ(f) using specific electric parameters.
It is required for:
• CR imaging
• inversion of CR field data
• estimating the hydraulic parameters
The Cole-Cole model which is widely used in mineral exploration, is from our experiences not adaptable to unconsolidated rock. The authors have therefore worked out and tested an empirical model that is based on data they collected both in the laboratory and in the field. It supposably suffices the data of other authors, too (e.g. Vanhalla, 1997) . The following relation is frequently observed:
The following definitions are used:
For small phase angles:
The integration of log 10 {f} and the subsequent resolution to ρ(f) supplies a result for the magnitude of the resistivity:
The resistivity model has following features: 
CR MEASUREMENT SYSTEM FOR ROUTINE FIELD USE
Commercial CR-field-meters are primarily designed for the ore-exploration. For the measurements of the significant smaller IP-effects of unconsolidated rock, we have developed an CR-apparatus (photo below) together with two engineering firms, that meet the advanced requirements in a special way. Using a noise monitor the accuracy of measurement increases up to one order compared to conventional instruments. Another 256 channel CR-instrument is at present being tested on the field.
FIELD EVALUATION: CLAY PIT SCHOENINGEN (GERMANY)
The field evaluation was at a clay-pit at Schoeningen, about 20 km from Helmstedt. The CRsurvey was carried out, with a Schlumberger-array with spacings from 1.0 m up to 6.31 m. The objective of the survey was a single 1-D model of the subsurface that would explain the measured CR effect as well as the obvious EM-coupling effects for larger spacings. In addition, the IP-part has been represented using the new formula of complex resistivity for unconsolidated rock described above. The calculations were done by the program SIP1DINV on a standard Pentium-PC, losting 20 minutes for each inversion. The basic inversion scheme was that of Marquardt-Levenberg optimization, with data weighted by their standard deviation. EM-coupling was calculated by integration along the transmitter and receiver lines. Because it was hardly possible to recognize a satisfactory fit for all data, we used only the spacings AB/2=1.0, 1.58, 2.51 and 5.62 m for the calculations of the model. The parameters of the first two layers could be treated as reliable, because they were stable. The remaining parameters show extreme values for thickness and resistivity as well as for frequency dependence of the IP-effects (c IP ). This behaviour is probably a result of the lack of fitting the EM-coupling effect which is conspicous for larger spacings. This could be caused by an inexact representation of the course of transmitter and receiver lines, because the EMcoupling above thuch low resistivity as given is very strong and every deviation should be noted. Another possibility may be the presence of lateral inhomogenities, which causes a ‚static shift'. That should be investigated with SIP2DMOD, a 2-D forward calculation program. Nevertheless the spectral features for the smaller spacings were well fitted, and ρ 0 and c IP show a moderate increase with depth. The subsurface seems to be quite homogeneous with respect to the resistivities as well as to their spectral behaviour. This investigation was a first attempt, and some suppositions remain unanswered and need further work. 
